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Digital design lab 4A

* Today you will learn about hierarchical design of digital circuits

* The design will be done on 2 levels:
* First you will design the submodules
* Then the top module will be designed, and the submodules will be instantiated

* The PCis good example for hierarchical digital systems: the submodules are
the processor, memory, VGA, etc. Each submodule has a well defined
functionality, they are independent subsystems with unique behavior.

* |n this case the top module is the motherboard, which connects the
submodules, and integrates the subsystems (submodules) in to one high-
level system.
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* The specification of the high level system of today’s laboratory is the
following: the circuit reads two hexadecimal numbers from the
switches: one number from sw][3:0], and the other from sw[7:4].

* The two numbers (A and B), and their sum (A+B) will be shown on the
7-segment display of the system: one digit for A, one digit for B, and
two digits for A+B (since the maximum value is F + F = 1E).

* To implement such system, we need the following components:
multiplexer, decoder, hexadecimal to 7-segment converter.

* In addition, we need a circuit that continuously counts from 0 to 3.
This is a sequential circuit, so it won’t be studied in details right now.



* The design is the following:
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* Let’s start with the 7-segment display (in the top right corner). It has
two group of inputs:
* Inputsa b c... gand dp: these inputs control the LEDs, dp is for the decimal
point LED, it will not be used today.

* Inputs DIGn: Digit selector inputs, the LED control inputs are forwarded to the
selected digit.

* These are negative logic inputs: 0 input means true and 1 means
false.

 Example: if the b and c inputs are 0O, the others are 1 on the LED
control input, and DIG2=0, the others are 1 on the digit selector input,
than a 1 will appear on the second digit from the left.

* Note: we will design the circuit assuming positive logic, and we will
invert the signals in the last step (as it is shown in the figure)
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* The S1-S0 signals belong to the counter that counts from O to 3
repeatedly: 00, 01, 10, 11, 00, 01, 10, 11, OO, .....

* We use the decoder to decode this signal: the corresponding output
of the decoder is set to 1 to select a digit.

e At the same time S1-SO is the input of the multiplexor too: based on
the value of S1S0, the multiplexor forward one of its 4 4-bit input.

* This value is converted to a 7-segment number, and the result of the
conversion appears on the LED control inputs of the 7-segment
display.

* Let’s start the implementation.
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e Launch the ISE design suite

I5E Design
Suite 14,7

* Create a new project

# |5E Project Mawvigator (P.20131013)
FIEN Edit  ‘Wiew Project  Source  Process  Tools  Wind

Meww Project... | y | »

Open Project.., 058 x

Open Example..,
Project Browser... Jesign Suite
Copy Project..

Close Project SEF ..

D M ey Ctel+M e,
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a Mew Project Wizard

Create New Project
Specify project location and type,

* Name: Digital_design_lab 4A
Enter a mname, locations, and comment For the praject

i WO r k O n t h e D : d rive Marne: Digital_design_lab_44

Locakian: O Digital_design_lab_44
* Press Next i
re S S eX ‘Working Directory: | Dv\Digital_design_lab_44
Description:

Select the bype of top-level source For the project

Top-level source type:

HOL v

Mare Info Cancel
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* Verify the settings:
* Spartan3E
* XC35250E
* TQ144
. -4

e Press Next, than Finish

o Mewr Project Wizard

+Pruject Settings
Specify device and project properties,

Property Mame

Evaluation Developrment Board
Product Cateqary

Farnily

Device

Package

Speed

Top-Lewel Source Type

Synthesis Tool

Simulator

Preferred Lanquage

Property Specification in Project File
kdanual Compile Order

WHOL Source Analysiz Standard

Enable Message Filtering

Mare Info

Select the device and design Flow Far the project

falue

Maone Specified
&1

Spartan3E
HC35250E
TO144

-4

HOL

HET (WHDLAerilag)
|Sirr (WHDLAYerilog)
Werilog

Store all values

]
WHDL-93

[

< Back
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 Right click on the label
e Select New source...

 |5E Project Mavigator (P.20131013) - Chdsers’clowd\Digital_design_lab_428%Digital_design_lab

File

Edit  “iew Project Source

Process  Tools  Window Layout  Help

Df3ﬂﬁ| g 3B X

o | »

|Deﬂgn

+08& %

3| | Ee | B9 o =

Yiew: (@) Implementation () @ Sirnulation

Hierarchy
=8 # xc35250e-dtg1dd
Empty ¥iew

The wiew currently contains no
You can add files ko the project

using the koalbar at left, comms

L] Add Source..,
fdd Copy of Source..,

s
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* Select Verilog module
* Name: mpx 4 4 1

* This will be a 4x4x1 multiplexor:

It has 4 4-bit input

* Make sure “Add to project” is
checked

* Press Next

a Mew Source Wizard

tgelect Source Type
Select source type, file name and its location,

% IP (CORE Generator & Architecture Yfizard)
(] Schernatic

(=] User Document
‘Werilog Module
Werilog Test Fixture
g WHOL Madule

I wHOL Library

|P] WHOL Package

g WHOL Test Bench
Ermbedded Processar

Mare Info

File name:
mpx_4 4 1

Location:

CUserstcloud)Digikal_design_lab_44

Add to project

Cancel
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* Do NOT add the signals here,
We will add them manually later

* Press Next, then Finish

a Mew Source Wizard

“pefine Module
Specify porks For module,

Module name | mpx_4_4_1

Part Marme

Mare Info

Direction

input

input
input
input
input
input
input
input
input
input
input

Buis

CHAU<H<H<U<H<H<U<H<N=

ODoogooooooon

< Back

hASE

LiE

Cancel
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* Add the following source code: ;é mdﬁ;urtnp}fi%;l_i ,{
* Note: we use “output reg” instead Tl oo oo [3:0] out
of “output” in the module declaration 25 ) ;
* This is needed to be able to use the g? always @ (%)
always block Bl o oo0: ot <o mm
* As we have seen on the practice, thisis | paoL onE T o

a simpler and more overviewable way 32 2'bll: out <= numl
to describe the circuit’s behavior.

a4 endcase

e Use the “<=" operator for register . N
“__u

assignments (instead of “= 37
e Save all changes |

33 default: out <= numl|3:
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 Add another new source file

a |5E Project Mavigator (P.20131013) - ChUsershcloud\Digital_design_lab_48\Digital_design

File Edit ‘iew Project Source Process Tools  Window Layout  Help

D |} N | |'- | [o14] .:"1'. | ﬂ \‘3 | 3 L = ;—: H-—'-" = ﬁ | o
Diesign [ & x

11 Tool W

D Wiews: (@) ﬁ}lmplementetinn ) ﬁ Simulation / / .
[E] | Hierarchy —| 1z // Descri
5 & Digital_design_lab_42 13 S/
| T = enc
i B MewSouce. [

LS| Add Source...

H';J Add Copy of Source... vigi
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* Verilog module
* Name: dec 2 4
* This will be the decoder

* Make sure “Add to project” is
checked

* Press Next

o Mew Source Mfizard

—Select Source Type
Select source bype, file name and its location,

BRM File
&2 Chipicope Definition and Connection File
EJ Irmplermentation Constraints File

;P (CORE Generator & Architecture Wizard)
MAERA File
] Schernatic
=] User Docurnent
Merilo g Maodule
Werilog Test Fixture
"yl WHOL Module
™ WHDL Library
P WHDL Package
] WHDL Test Berch
Embedded Processor

Mare Info

File name:
dec_7 4

Location:

CUsersicloudiDigital_design_lab_44

Add ko project

Cancel
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e Leave the table blank
* Press Next, then Finish

o Mew Source YWizard

“pefine Module
Specify ports For module.

Module name |dec_2_4

Part Marme

Direction

input

input
input
input
input
input
input
input
input
input
input

Bus

 EY K9 EY B9 B9 BT EY B9 KT B

OOooogoooooOonn

% b=

LZE

Mare Info

< Back

Zancel
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* Add the following source code: 21 module dec 2 4 (
] 22 input [1:0] =,
* Mind the reg keyword after output 23 cutpur req [3:0] dig
in the header gg )i

e Save all changes H 26 always B ()
27 case (s)
23 2'b00: dig <= 4'b0O001;
29 2'b01l: dig <= 4'bL0010;
S0 2'b1l0: dig <= 4'bL0100;
31 2'b1ll: dig <= 4'b1000;
32 default: dig <= 4'L0O001;
33 endcase

34 endmodule
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* Now we will test the decoder and the multiplexor

* First switch to Simulation mode

* Then right click on the label, and

select New Source

 |5E Project Mawvigator (P.20731013) - ChUsershcloud®
File Edit View Project Source  Process

02 |

Design

QEEJ Behavioral

o o |
08 x| |
[ | View: O {8 mplementation (®) simulation

St

\[EIEJ Hierarchy

a |5E Project Mavigator (P.20131013) - Chlsers\clowdiDigital_design_lab,

File Edit ‘iew Project Source Process  Tools

02 | db L= |?P ~’|
Design O &8 x| |
[] | Miew: O {8 mplementation ® [ simulation
JEJ Behavioral wl

E.H Hierarchy

Wi d o
g8 //
9 //

//
/7
//
//
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 Select Verilog Test Fixture
* Name: mpx_4 4 1 tf
* Press Next

- Mew Source Wizard

—select Source Type
Select saurce bype, file name and its location,

BRAM File

£ Chipicope Definition and Connection File
EJ Implernentation Constraints File
;P (CORE Generator & Architecture Wizard)

WHOL Library
WHOL Package
o WHOL Test Bench
© Ernbedded Pracessar

Mare Info

File name:
mpx_4_4_1_Lf
Location:

i Users\cloud\Digital_design_lab_44 -

#dd ko project
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* Select the mpx_4 4 1 circuit here

* Press Next, then Finish
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41 initial bkegin

* Add the following code after // Initialize Inputs
the part 9 =0,

45

° Save a” Changes H 46 /4 Wait 100 nz for glokal reset to finish
47 #100;
45
49 S/ Add stimulus here
50 #100; =2=2"bL00; num=16"h048C;
51 #100; ==2"L01;
H2 #100; =2=2"L10;
53 #1000, =2=2'b11;
54

23 ernd
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 Left click onthe mpx_4 4 1 tf module in the

top left corner of the ISE

* Then right click on “Simulate Behavioral Model”,
and select “Rerun All”

H 88|28 v

# |5E Project Mawvigator (P.20131013) - ChUsershe
File Edit ‘iew Project Source Proce

D2 HP| do L X|@
Cesign +[O&:
[] | Miew: O f& mplementation @ Simulation
E Behavioral \

EEJ Hierarchy

&] Digital_design_lab_44.
wrir | = B xc3s250e-dtg1dd

= dec_? A{dec_2 4
Q; i pee_d 4 1t (mpe d 4 1t

3 Mo Processes Running

Processes: mpsx 4 4 1

= y‘ [Sim Simulator
2  Behawvioral Check Syntax

Rerun All

2, Stop
Run Yith Current Data
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* A window pops up with the simulation results.
Press the “Zoom to Full View” button

* Right click on the out[3:0] signal, and
select Radix->Hexadecimal

* Do the same for the s[1:0] and num|[15:0]
sighals

* Check the simulation output

' % Dut[3u’"ﬂ || Annn
. m 5[1:!:'] db Cut Ctrl +
[ Copy Ctrl+C .

Paste Chrl +4
o Delete Del

Rename

My Find... Ctrl+F
Select 4l Ctrl+24,
Expand
Collapse
Urgroup

Marne 2
N v Default
Signhal Color 2 Binary

Divider Caolor
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* Does the correct hexadecimal value appear on the output for each
value of s[1:0]?

* Help: num = 000001001000 =048

* For example, for s=1 the output of the multiplexor is 8. Is that right?
 What is the output for s=0, s=2 and s=37
* Close the simulator
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* Now you will test the decoder. Right click on the label, and select New
source...

a |5E Project Mawvigator (P.20131013) - ChUsershcloud\Digital_design_lab_48\Digital_c
File  Edit ‘iew Project Source Process Tools  Window  Layout H

D2 H | do - .-l|'°\"| »: B 2R K E
Design 08 X 4=
=) 24
[ | view: O {8 mplementation @ [ simulation 5= 55 module 1
'.% Behavioral sl — 26
11| Hierarchy
el =| 27 /T
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Name: dec 2 4 tf

Don’t modify the location
Check “Add to project”
Press Next

a Mew Source Wizard

“select Source Type
Select source bype, file name and its location.

ERARA File

8 ChipScope Definition and Connection File
EJ Implermentation Constraints File
S IP {CORE Generator & Architecture Wizard)

WHOL Library
WHOL Package
WHOL Test Bench

© Ernbedded Processor

Mare Info

File name:
dec_2 4 _if
Locakion:

Cisersicloud\Digital_design_lab_44 .

add to project
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e Select the dec_2_4 module
* Press Next, then Finish
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e We will test the module |38  integer i;
. £ | 39 1nitial begin
using a 1or 100p 40 // Initialize Inputs
* Add the i line |7 S
before the 13 // Wait 100 ns for global reset to finish
part 44 #100;
, 45
* Don’t forget to save 16 // BAdd stimulus here
49 $25; s=1;
50 lend
51 end
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e Left click on the dec_2 4 tf module in the top
left corner

* Then right click on “Simulate Behavioral
Model”, and select “Rerun All”

H B E| v

a |5E Project Mavigator (P.20131013) - Chsershele
File Edit Miew Project Source  Proces

AR do - X|@w ¢
Design «+ 08 x
[] | view: O {8 Irplemertation @ B simulation
CEEJ Behavioral w

HEJ Hierarchy
—| - & Digital_design_lab_44,

f2 Mo Processes Running 4%
Processes: dec_2_ 4 f 4 3
= y‘ [Zirn Simulator

P2 Behavioral Check Syntax Fig

To Sirnulate Behavioral Model

- '??t: Fun

Rerun Al

x{. Stop
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* Press the “Zoom to Full View” button

e Switch to hexadecimal number
representation for the dig[3:0] and
s[1:0] signals.

,+, =) | &= 2

_Ecuzur'n to Full YWiews

¢ Delete

Fename

My Find..

Select Al
Expand

Collapse
Ungroup

Mame

v [Default
Signal Caolor » Binary
Diwider Calar

Rewerse Bit Order Unsigned Decirmal
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e Check the simulation results:

. The output |s the foIIowmg S= OO >d|g 0001, s=01 ->dig=0010,
s=10 -> dig=0100, s=11 ->dig=1000. Is that correct?

e Close the simulator
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e Switch back to implementation mode

* Right click on the label, and select
New Source...

a |5E Project Mavigator (P.207131013) - CyUsershcloud,
File Edit ‘View Project Source  Process

D |--‘il N | | [a1s] : X | € o |
Design =+ [0 &
] | View: ® {3} mplementation O Simulation
cE;J Hierarchy ]

H'EJ -F'_I Digital_design_lab_48 -

o |5E Project Mavigator (P.201371013) - ChUsershclowdWDigital_design_lab_485\Digital_
File  Edit ‘“fiew Project  Source Process  Tools  Window  Layout

O2EI | oo L= --l|"'}~"|” b AP R =
Desian =+ 05 x| 2 9
B Yiew: (@) ﬁi}lmplementatinn ] Simulatiun )

CEJ Hierarchy _ 30 //
S o | 31 W1r

— W Hﬂm rat A 1 (e 4 41 ISl Add Saneee
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Name: hex7_seg

Don’t modify the location
Check “Add to project”
Press Next

a Mew Source Wizard

& Select Source Type
Select source tvpe, file name and its location.

ERARA File
E8 ChipScope Definition and Connection File

EJ Implermentation Constraints File
S|P (CORE Generator & Architecture Wizard)

Werilog Test Fixture

WHOL Module

WHOL Library

WHOL Package
WHOL Test Bench

* Embedded Processor

Mare Info

File name;
hex_Fseq

Locakion:

Csersicloud\Digital_design_lab_44 .

Add to project
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e Leave the table blank
* Press Next, then Finish

a Mew Source Wizard

< Define Module
Specify ports For module,

Module name | hex_7seq

Port Marme

Direction

input

input
input
input
input
input
input
input
input
input
input

Bus

Ooooogooggn

K9 B9 K9 ES B9 BT EY EY EY B

hASE

L=B

Mare Infa

< Back

Cancel
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* Add the following code 21 module hex 7seq(
. 22 input [3:0] hex,
* Mind the reg keyword 23 output reg [7:0] seg
24 )5
20
26

27 endmodule

TN

* Copy and paste the code from the next slide above endmodule

* This will be the implementation of the hexadecimal to 7-segment
converter, the output is defined for every possible input in the body of a
case statement

* Think about it: otherwise we would have to design a 4-input combinational
circuit for every LED, minimize the Boolean functions, and implement each



always @ (*)
case (hex)
4'b0000 : seg <= 7'b0111111; //O
4'b0001 : seg <= 7'b0000110; //1
4'b0010 : seg <= 7'b1011011; //2
4'b0011 : seg <= 7'b1001111; //3
4'b0100 : seg <= 7'b1100110; // 4
4'b0101 : seg <= 7'b1101101; //5
4'b0110 : seg <= 7'b1111101; // 6
4'b0111 : seg <= 7'b0000111; //7
4'b1000 : seg<=7'b1111111; //8
4'b1001 : seg <= 7'b1101111; //9
4'b1010 : seg <= 7'b1110111; //A
4'b1011 :seg<=7'b1111100; //b
4'b1100 : seg <= 7'b0111001; //C
4'b1101 : seg <= 7'b1011110; //d
4'b1110:seg<=7'b1111001; //E
4'b1111 : seg <= 7'b1110001; //F
default : seg <= 7'b0000000; //O0
endcase
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* Save all changes |+

* Add another source to the project

a |5E Project Mavigator (P.20131013) - ChUsershcloud\Digital_design_lab_448\Digital_de:
File Edit ‘iew Project Source Process Tools  Window  Layout  Hel

D'?---|| do L .-'-Z|"J|'\=|| 3 f =/ E E‘]l
Design 08 x :

[ | View: @ {5F mplementation O [ smulation 22 1hp
[E] | Hierarchy —| 23 DU.t:E

H':J [+ Digital_design_lah_-i&
— | B R

dec_? 4{dec_2 4
hex_7seq thex_7segad L] Add Source...

ﬁ 1
% mpx 441 (mpx 441, [i=l &dd Copy of Source...

L 24 17

L1
—




* This is the “div” clock divider, a sequential circuit that counts from 0

to3

* Right now we do not go into the
details, since you have not heard
about sequential circuits

* Name: div

* Don’t modify location
* Check “Add to project”
* Press Next

a Mew Source Wizard

Select Source Type
Select source bvpe, File name and its location.

BRAM File
£ Chipicope Definition and Connection File
EJ Implernentation Constraints File

;P (CORE Generator & Architecture Wizard)
RAERA File
4] Schernatic
=] User Docurnent
Werilog Module
Werilog Test Fixture
g WHDL Module
™ wHDL Library
P WHDL Package
M) WHOL Test Bench

= Ernbedded Processar

Mare Info

File name:
di

Location:

i sers\cloud\Digital_design_lab_4a

#dd ko project

Cancel
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e Leave the table blank
* Press Next, then Finish

v Mew Source Wfizard

< Define Module
Specify ports For module,

Maodule name | div

Part Mame

Direction

Cinput

input
input
input
input
input
input
input
input
input
input

Bus

Ooooogoodgdgn

SHEH<H<H<U=U<PU<U<N=

kB

LB

Mare Info

< Back

Cancel
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* Add the following
source code

e Save your changes ki

21 module div(

22 input clk,

23 output reg [1l:0] s

24 )7

2D

26 always @ (posedge clk)
27 begin

28 s <=5 + 1;

29 end

30 endmodule
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* Now you can implement the top module, that connects all
submodules together

o |5E Project Mavigator (P.20131013) - ChlUsers\clowdWDigital_design_lab_4ahDigital_de:
File Edit ‘“iew Project Source Process Tools  Mindow  Layout  Hel

O2EI | db L= --l|"’~"| I P O E|
Diesign —+[ 8 X 1
1T
B Yiew: (@) ﬁi}lmplementatinn ) Simulath:nn 2 2 p
-:EEJ Hierarchy T 23 DutE
& &1 Digital_design_lab_da | 24 )

) W8 4 oo 35250e-dtq144
dec_? 4 {dec_2 4
hex_Tseq thex_Tseg.a) L] Add Source...

e .
et mpx 441 (mpx 441, li=l Add Copy of Source...

L1
—
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Name: Top

Don’t modify location
Check “Add to project”
Press Next

o Mew Source Wizard

&Select Source Type

Select source byvpe, file name and its location.

BhAR File
E8 ChipScope Definition and Connection File
EJ Implermentation Constraints File

J IP (CORE Generator & Architecture Wizard)

Merilo g Module

WHOL Module
WHODL Library
WHODL Package

Werilog Test Fixture

File name:
Top

Location:

add to project

Mare Info

i serstcloud\Digital_design_lab_44

Cancel
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[ ] Table: blank & Mew Source Wizard

—Define Module

o N eXt + F i n iS h Specify ports For rmodule,

Module name | Top

Port Marme Direction Bus FSE LB
input ~
input ~
input ~
input ~
input ~
input ~
input ~
input ~
input ~
input ~
input ~

More Info < Back Cancel
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e First add the declaration of the module:

* The “ n” tag after seg and dig means that these are negative logic

signals:
21 module Top ¢

22 input [7:0] sw,

23 ocutput [7:0] seg n,
24 output [3:0] dig n,
25 input clk B
26 )i

2]

28

29 endmodule
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* Then add the following wires:
a, b (for sw[3:0] and sw[7:4])
s (for the output of the div module)
dig (digit selector for the display)
seg (LED control input for the display)
num (multiplexor input)
out (multiplexor output)

21 module Top

22
23
24
23
26
27
28
29
30
31
32
33
34
35
36
37

—

input [7:0] sw,
output [7:0] seg n,
output [3:0] dig n,
input clk

Vi

wire |
wire [
wire |
wire |
[ out;
[ ] num;
[ seq;

wWlre
wWlre
wWlre

s [ R R I ORI S R S B 7S

]
]
]
] dig;
]
0
]

endmodul e
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* Add the following assigments: 34
S3h
 Note that a+b will be connected to the 35

lower 8 inputs of the multiplexor o

* Since dig_n and seg_n are negative logic

signals, we invert the values of digand 41

seg before the assignment. jg

* Note: dig and seg are 4 and 8 bits long. 44 endmodule]

wire [7:0] seqg;

ass1gn
assign
assign
assign
assign
Ass51gn
assign

a = sw[7:24];

b = sw[3:0]-

num[lo:12] = as
num[11:8] = b;
num[7:0] = a + b;
dig n = ~dig;
seqg n = ~3ed;

You can apply the ~ operator on N-bit wide wires, it will invert all bits

* For example, if x=1001, then ~x=0110.
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* The last step is the instantiation of the submodules: we need to
define which wires of the Top module do we connect to the inputs
and outputs of a given submodule.

* We also have to give a name for the instantiated submodule, since we
can have multiple modules of the same type.

* Imagine you have a mod module with in input and out output. You
want to connect the x wire to the input of the module, and y to the
output. The syntax of the instantiation is:
mod mod1 (.input(x), .output(y));

e Now mod1 is the name of the current instance
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* Instantiate your submodules in the following way:

42 asslgn seqg n = ~seq;

43

44 div DIV{.clk(clk), .=(s));

45 dec 2 4 DEC(.5(s), dig(dig)) ;s

46 mpx 4 4 1 MPX(.s(s), .num(num), .out({out))q
477 hex Tseg H7S({.hex({out), .seg(seq));

48
49 endmodule

e Save all changes =
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» After the instantiation, you will see that all submodules are organized
under the Top module:

* The ISE indents the submodules under Top to show that they are on a
lower hierarchical level
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* Now we will implement and download the module to the FPGA
board. A file has been prepared for this purpose, you can download it
using the following link: download

* If the browser opens the file instead of displaying the download
dialog window: right click, and select “Save as...”

* Download the file, and save it to the current working directory of
your project (D:\Digital _design _lab_4A).

* If you are not sure, you can check it in the title bar of the ISE (top of
the ISE window)



http://home.mit.bme.hu/~rtamas/Logsys/LOGSYS_SP3E.ucf
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* Go back to the ISE, right click on the
”XC35250e-4tq 144” Ia bel and Select & ISE Project Navigator (P.20131013) - Ca\Users\cloud®Digital_design

File Edit ‘iew Project Source Process  Tools  Wind

,Add copy of source” DPEd .l xobxXwal »

Cresign =+ 08 x |

:_.I Yiew: (@) ﬁi} Implementation ) Simulation

5] | Hierarchy - 0

& | Digital_design_lab_3 - Fi

— | B R R

et et [ Mew Source... 8

? EJ Add Source.., 9
L Manual Cormpile Order 11

T P lmplement Top Module 1 2
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* Browse the file you have downloaded, select it and press Open:

Fat

" Marme Date modified Type Size
_EITIEgsE 2Me 0. M e2e File folder
ipcore_dir 201910, M. 1341 File folder
iseconfig 2M910.M. 1340 File folder
isirm 21910, M. 1@da File folder
st 219,10, M, 1&25 File falder
| | BCD.ngc 21910, M. @27 MGC File 4 kB
| | BCDw 219,10, M. 126 WFile 1kE
| | BCD_tfw 219,10, M, 1@25 WFile KB
| | LOGSYS SP3E.ucf 209 09,19 1319 LICF File b kB
W
le hamme: |LOGEYS_SPIEuct s | Sources) bt Moaohd Foaohd] Y]

Open Cancel
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* The following window appears:
* Press OK

* If you have difficulties,
ask for assistance

 Adding Source Files,.,

The Fallowing allows vou to see the skatus of the source Files being added to the project. It

alsa allows wou ko specify the Design Yiew associakion, and For YHOL sources the library, Far
sources which are successfully added to the project,

File Marne Szsociation Library
1 () LOGSYS_SP3E.ucf: Implementatio | wark v
2 Source file already in project directory, Itwas not necessa..,
3 path: LOGSYS_5P3E ucf

adding files to project: _ 1 of 1 files {0 errors)
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* Now open the previously added file. Uncomment the clk signal first:
select the line, right click and select Uncomment-> Line(s)

10 # LOGSYS Fejlesztdkabel GUI vezérld és ke

11 #NET "mosi" LOC = "PpPl20";
12 #NET "miso™ LOC = "Ppl143";
13 #NET "clk"™ - toc = "P129" | PULLDOWN;
14 #NET "ret" of Redo . G | PULLDOWN ;
15

g Cut Ctrl+X . .
16 # 4 darab akip g culec MOgomb, balrdl -
1? #NET "bt‘(B}H Paste Tl +4 ";
18 #NET "bt<Z2>"™ |X Delete Del "

1 9 #NET "btf:l}” Comrment p 7 :
2 O #NET "bt{: |:| >” -Ir'I'I IIIrr'lr'r'n'-_-r'lt T
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* Then uncomment the sw signals:

22 # 8 kapcsold, balrdl jJobbra szamozva
23 NET "sw<7>" LOC = "P4T7";
24 NET "sw<6>" LOC = "Pp438";

25 NET "sSwW<3lwe undo ci+z 097
26 NET "sw<d & Redo colvy [P
27 NET "sw<3: dn Cut Cel+x g™ -
28 NET "sw<Z]' Copy Ctri+C @G -
2 9 NET " SW{]_: Paste Crl +4 95 " -
3¢ Delete Del
30 NET "sw<0; 101™;
3 1 Cormment 3
rcamment 3 E Linefs) At + ShiftaC

2 # 8 LED f 1 Indent ¥ |2, Selection

3

33 #NET ”ld<' Cormvert a3
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 Uncomment the seg_n signals, these are needed for the 7-segment

display:
sed n</> = ;
#HNET ™ g n<i>"  LOC "p34" #7 | |
seq n<o6> = ;
#MNET ™ g n<6>"  LOC "P33" #6 o 1
#WNET "seqg n<bH>" LOC e o | |
H#NET "seg:n<4>” LDszii zii ——5—-
#NET "seg _n<3>" LOC ., Cl | |
#NET "5 eg_Il-(Z P LOC Copy Ctrl+C 4 2
#NET "seqg n<1>"  LOC - Paste Ctrl +4/ | |
#NET "seg n<0>" LOC X P el —--3-- 7 <- tizedes pont

Comment

3
I_I nCamime rlt 3 L
Indent »

# 4 digites kijelzd lasztd Jelel, balrdél jobbra

'3 2
Selertinm
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* Finally, uncomment the dig_n signals

g Lut LEH 4

3 Copy Chrl+0C
Paste Ctrl +4

2 Delete Del

Camment »

Uncomrment Pl Linels)  Alt+ShiftsC

Indert Y 19 Selection

Conwert »

G ta »

Save A 7 <- tizedes |

A Toggle Bookmark

Line Murmbers

# 4 digites kijelzdé aktiv ALACS
#NET ”dig_ﬂ<3}" LOC = "P22";
#NET ”dig_n<2>" LOC = "pPZ2&™;
#NET ”dig_n<1}" LOC = "P35";
#NET ”dig_ﬂ<0}" LoC = "p40";

S ralaszto jJelel,

Preferences...
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° N OW yo u Ca n ge n e r‘ate th e p rogra m m i ng fi Ie o |5E Project Mavigator (P.20131013) - CUserstcloudy

File Edit ‘“iew Project Source Process

. . . --‘il i | | db .
* First, left click on the Top module in the top =

X|© o
o0& x| .

| Wiew: (@) Eﬂ}lmplementatinn i Simulatiu:un

left corner

(=
(5| | Hierarchy
]

= B xc3s250e-dtq144

------

o ] LOGSYS_SP3E.

f) Ma Processes Running

Processes: Top

* Then right click on “Generate Programming
File”, and select “Rerun All”

Design Surnrmargf/Reports
Design Utilities
User Canstraints

P2 Synthesize - X5T

H 88|58 v
4

=] Digital_design_lab_da

ucf

134
140
141
142

?)  Implement Design
'\, Generate Programming Fil
!E@ Configure Target Dewvice I?t St
&= Analyze Design Using Chip ReRun

xi, Stop

143

Bl I |
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 After the generation, you should see this.

- f} Mo Processes Running

Processes: Top

= Design Surnrmary/Reports
+ Cesign Utilities
+ User Constraints

+- PACD Synthesize - X5T
+- PACS Implerment Design
P20 Generate Prograrming File

-\ Configure Target Device
28 Analyze Design Using ChipScope

'||ﬁ|ﬁﬁ|

* If you see errors or warnings, ask for assistance.
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* If the program file was generated
successfully, you can connect the FPGA
board to the PC

* Mind the orientation of the JTAG
connector!
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* Launch the Logsys GUI application

Power
Woltage Curren k
_I Maximum Yalue: i
[ ]Logta file...
Measuremen 18

+5-.,-,:,,_,t:-...- Maxirurn Walue: 500 5= ma
IjCref: u Critical value: 90 [& e

ITaGref; '-.-' Samples/Second: |10 }=
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* On the right side of the screen, select JTAG download:

LDC221 o

Info Configur ation

LDiE5YS development cable 1TAG Download
I P

* Press the ,,Query JTAG chain” button

JTAG — -
Devices in the JTAG chain:

Quen JTAG chain #CA5S280E [=iling] W

Clear Log

* Then press ,, Configure the Selected Device”

Devices in the JTAG chain:
#CASZR0E [=iling] W Configure the selected device. ..
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¢ Browse the 'Hl Open et
ge n e rated fl |e I n = v P « Local Disk {C:) » Users » cloud » Digital_design_lab_4& » v | & Search Digital_design_lab_ 48 9
your Working Organize - MNew folder ==~ T @
. circle - Marne Date modified Type Size
d Irecto ry Digital_design_z _ngo 2019.10.08. 1338 File falder
Digital_design_lz _Kmsgs 2019, 10, 08, 1839 File folder
J& Music ipcore_dir 2019, 10, 08, 145 File folder
) iseconfig 201910, 08, 14:57 File falder
8 OneDrive . i
isirm 209,10, 08, 15:22 File folder
= This pC wlre_auto_0 xdhb 2910, 08, 1338 File folder
§ 30 Objects w5t 2019, 10, 08, 18:38 File folder
top.bit 2018, 10, 08, 18:39 BIT Fil 166 KE
* Press Open B Desktop L tops I
|=| Docurnents
4 Downloads
J& FAusic
| Pictures
B videas

= Local Disk iy ¥

File name: |top.hit ~ | Al configuration files (*.suf, *.b ~

Dpen Carcel
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* The circuit requires to add a system clock input for the circuit
* First set the value of the clock frequency to 1000

* Press the Set button
* Click into the CLK checkbox i pm— iy

LOZZ21

LDC221 o x

Contral Comrmunication

* Note: on Windows 10 the tick might oo
not appear, but it should be fine 2 o
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* Now try to set different inputs on the switches. Can you see the
correct values and their sum on the 7-segment display?

* If you want to see the circuit in “slow motion”, first set the frequency
to 1-2 Hz, press then press the Set button.

* Now you can see the circuit selecting the individual digits one by one.

* This can’t be seen when the clock frequency is high, due to the
dynamics of the human eye.



